The taxonomic position of a strain isolated from soil in Shiraz, Fars province, Iran, was investigated. Strain UTMC 693
The genus Kribbella was established by Park et al. (1999) as a result of the reclassification of two strains, 'Nocardioides fulvus' IFO 14399 and Nocardioides sp. ATCC 39419, as the type strains of Kribbella flavida and K. sandramycini, respectively. The type species of the genus Hongia (Hongia koreensis) was also subsequently transferred to the genus Kribbella (Sohn et al., 2003) and the description of the genus Kribbella was also emended (Sohn et al., 2003) ; at the time of writing, the genus contained 17 species with validly published names (Euzéby, 2012) .
The genus Kribbella contains Gram-type-positive or Gramtype-variable, non-motile, nocardioform actinomycetes that form an extensively branched vegetative mycelium and aerial hyphae that fragment into short to elongated rod-like or coccoid elements. Kribbella species contain LLdiaminopimelic acid in the peptidoglycan (wall chemotype I sensu Lechevalier & Lechevalier, 1970) , with anteiso-C 15 : 0 , iso-C 16 : 0 and iso-C 14 : 0 as predominant fatty acids, MK-9(H 4 ) as the main menaquinone and phosphatidylcholine as a diagnostic polar lipid (Park et al., 1999; Yoon & Park, 2006) . A combination of these chemotaxonomic markers is sufficient to separate members of the genus Kribbella from members of the other genera within the family Nocardioidaceae.
The aim of this study was to classify strain UTMC 693
T by a polyphasic analysis. This strain was isolated during a screening programme for bioactive actinomycetes from soils in Iran. To determine its taxonomic position, morphological, physiological, chemotaxonomic and genetic data were analysed.
Strain UTMC 693
T was isolated from a non-rhizosphere soil sample taken at a depth of~10 cm in Shiraz, Fars province, Iran. The soil sample was first air-dried (Nolan & Cross, 1988) and then subjected to UV irradiation at 254 nm for 10 min at 20 cm distance (Galatenko & Terekhova, 1990) . Strain UTMC 693
T was isolated using a dilution-plating method on AV agar (Nonomura & Ohara, 1969) supplemented with cycloheximide (100 mg ml
21
) after 14 days of incubation at 28 u C. Reference strains for comparison of physiological characteristics with UTMC 693 T were maintained on ISP 2 agar (Shirling & Gottlieb, 1966) slants at 4 u C and as 20 % (v/v) glycerol suspensions at 220 u C.
The cultural properties of strain UTMC 693 T were evaluated according to the guidelines of the ISP as described by Shirling & Gottlieb (1966) . The colours of the aerial and substrate mycelia (Table 1) were determined by comparing the culture with chips from the ISCC-NBS colour charts (Kelly, 1964) .
The intact arrangement of the aerial hyphae and spore chains was observed on ISP 2 agar after 14 days at 28 u C using the coverslip technique (Kawato & Shinobu, 1959) . Spore morphology and spore surface ornamentation were examined by scanning electron microscopy (DSM 982 Gemini; Zeiss).
The substrate mycelium was light yellowish on ISP 2 agar. No pigments were released into the medium. The aerial mycelium was white-cream to light yellowish. Strain UTMC 693
T produced a well-developed substrate mycelium with hyphae that branched extensively and an aerial mycelium that fragmented into small rod-shaped spores (all these results were determined on ISP 2 medium) (Fig. 1) .
The utilization of carbon compounds, acid production and resistance to substances were determined using GEN III Microplates in conjunction with the OmniLog system (Phenotype MicroArrays; Biolog Inc.). The GEN III Microplates were recorded in phenotype microarray mode at 28 u C using IF-B and a cell density of 95 % T. The exported measurement data were further analysed with the opm package for R (Vaas et al., 2012) , using its functionality for estimating parameters statistically from respiration curves, such as the maximum height, and automatically discretizing these values into negative and positive reactions. Each test was performed in duplicate, and reactions with a distinct behaviour between the repetitions were considered as ambiguous.
The strain was able to grow at 15-37 u C but not at 10 or 45 uC. It was able to grow in the presence of 1 % NaCl but not 4 % NaCl. Strain UTMC 693
T grew well from pH 6 to 9, but showed poor growth at pH 10. These tests were performed on modified Bennett agar (Williams et al., 1983) .
Biomass for chemical and molecular systematic studies was obtained by cultivation for 6 days in shake flasks (200 r.p.m.) using trypticase soy broth (TSB) medium, pH 7.2, at 28 u C. The cells were harvested by centrifugation and washed twice with distilled water. Analyses of amino acids and sugars were carried out using the methods of Staneck & Roberts (1974) . Menaquinones and polar lipids were extracted following the procedure of Minnikin et al. (1984) . Polar lipids and menaquinones were respectively analysed by TLC (Minnikin et al., 1984) and HPLC (Kroppenstedt, 1982 (Kroppenstedt, , 1985 . Fatty acids were analysed according to the method of Sasser (1990) .
Whole-cell hydrolysates of strain UTMC 693 T contained LL-diaminopimelic acid as the diamino acid in the peptidoglycan layer (cell wall type I, according to Lechevalier & Lechevalier, 1980) . Glucose and ribose were the sugars identified in whole-cell hydrolysates. Menaquinone analysis by HPLC revealed MK-9(H 4 ) (71 %) and MK-9(H 2 ) (12 %) as dominant components, with small amounts of MK-8(H 4 ) (4.5 %) and MK-9(H 0 ) Lechevalier et al., 1977) (Fig. S1 , available in IJSEM Online). This pattern matched those found in other Kribbella species (Park et al., 1999; Yoon & Park, 2006) . The fatty acid composition revealed mainly saturated isoand anteiso-branched fatty acids. The principal fatty acids were anteiso-C 15 : 0 (39.1 %), iso-C 15 : 0 (15.0 %), iso-C 16 : 0 (13.5 %), iso-C 14 : 0 (8.3 %) and iso-C 17 : 1 v9c (7.7 %) ( Table S1 ). The qualitative and quantitative combination of fatty acids is diagnostic for species of the genus Kribbella. Chemotaxonomic properties of strain UTMC 693 T were consistent with its classification in the genus Kribbella (Park et al., 1999; Yoon & Park, 2006) .
Genomic DNA was extracted with a DNA extraction kit (JetFlex). PCR-mediated amplification of the 16S rRNA gene was performed using the primers 10-30F (59-GAGTTTGATCCTGGCTCA-39) and 1500R (59-AGAAA-GGAGGTGATCCAGCC-39) as described by Rainey et al. (1996) . Purification of PCR products was carried out using a DNA purification kit (Qiagen). DNA-DNA hybridization experiments using strain UTMC 693 T and related strains were carried out according to the thermal renaturation method. DNA was isolated using a French pressure cell (Thermo Spectronic) and was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) .
DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltierthermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian).
16S rRNA gene nucleotide searches in GenBank and EzTaxon (Kim et al., 2012) T , whereas FN643223 shared 98.4 % sequence similarity.
Results of the new similarity search revealed K. karoonensis as the closest related species to strain UTMC 693 T . In
Kribbella karoonensis DSM 17344 T (FN643222)

Kribbella shirazensis UTMC 693 T (JN038072)
Kribbella jejuensis HD9 T (AY253866)
Kribbella aluminosa HKI 0478 T (EF126967)
Kribbella solani DSA1 T (AY253862)
Kribbella hippodromi S1.4 T (EF472955)
Kribbella swartbergensis DSM 17345 T (FN643223)
Kribbella yunnanensis YIM 30006 T (AY082061)
Kribbella sandramycini KACC 20249 T (AY253864)
Kribbella antibiotica YIM 31530 T (AY082063)
Kribbella ginsengisoli Gsoil 001 T (AB245391)
Kribbella koreensis LM 161 T (Y09159)
Kribbella sancticallisti BC633 T (AM778577)
Kribbella catacumbae BC631 T (AM778575)
Kribbella alba YIM 31075 T (AY082062)
Kribbella lupini LU14 T (AJ811962)
Kribbella flavida KACC 20248 T (AY253863)
Kribbella amoyensis XMU 198 T (HM368615)
Nocardioides albus agreement with this observation, strain UTMC 693 T also showed higher DNA-DNA hybridization with K. karoonensis DSM 17344 T .
Phylogenetic trees based on almost-complete 16S rRNA gene sequences were inferred under the maximumlikelihood criterion (Felsenstein, 1993) using RAxML version 7.2.8 (Stamatakis et al., 2008) and under the maximum-parsimony criterion (Fitch, 1972) using PAUP* version 4.0 b10 (Swofford, 2002) . One thousand rounds of bootstrapping (Felsenstein, 1993) T (which was initially included as a close relative due to the use of flawed 16S rRNA gene sequences from the public databases) (21.3±4.7 %). All these DNA-DNA relatedness values are clearly below the 70 % cut-off point generally recognized for novel genomic species (Wayne et al., 1987; Stackebrandt & Ebers, 2006) . The separation of UTMC 693
T from all Kribbella species could be demonstrated mainly by genotypic markers and the resulting placement on a distinct branch in the phylogenetic tree (Fig. 2) . This distinctness is supported by phenotypic markers of UTMC 693 T , which showed several biochemical differences from the type strains of closely related Kribbella species (Table 2) . For instance, strain UTMC 693 T produced rod-shaped spores. Also, strain UTMC 693 T was not capable of producing a diffusible pigment. The physiological results from our phenotyping assays with the OmniLog device showed that strain UTMC 693 T and K. karoonensis DSM 17344
T have different properties in a significant number of physiological tests, including the utilization of myo-inositol, lactose, propionate, L-rhamnose, acetic acid, propionic acid, melibiose, D-mannose and sorbitol as sole carbon sources as well as the utilization of tyrosine, serine and aspartic acid as sole nitrogen sources. In addition, differences in the degradation of pectin, gelatin and inosine existed, as well as in the ability to grow at 10 u C, pH 5 and 4 % NaCl. Also, the chemotaxonomy of UTMC 693 T and K. karoonensis DSM 17344 T showed differences in dominant fatty-acid types. Based on a combination of morphological, molecular, chemical and physiological data, strain UTMC 693 T was considered to represent a novel species of the genus Kribbella, for which the name Kribbella shirazensis sp. nov. is proposed.
Description of Kribbella shirazensis sp. nov.
Kribbella shirazensis (shi.raz.en9sis. N.L. fem. adj. shirazensis of or belonging to Shiraz, Iran, where the soil sample from which the type strain was isolated was taken).
Aerobic, Gram-stain-positive actinomycete that forms an extensive, branched substrate mycelium and aerial hyphae with short rod-like spore accumulations and smooth spores. A white spore mass is formed on ISP 2, ISP 4 and ISP 7 media. The most spore mass is produced when grown on ISP 4 medium. Colonies on ISP 3, ISP 5 and ISP F. Mohammadipanah and others 6 media are cream to yellowish because of a lack of spore production. Optimal growth occurs at 28 u C and at pH 6-9. Besides the physiological characteristics listed in Table 2 , it is able to grow in the presence of 1 % NaCl, sorbose, maltitol, maltotriose, sucrose, fructose, turanose, maltose, trehalose, cellobiose, acetoacetic acid, N-acetyl-D-glucosamine, stachyose, malic acid, trehalose and cellobiose. Formic acid, gentiobiose and galactose cannot be used as sole carbon sources for growth. The type strain is resistant to nalidixic acid, aztreonam and rifamycin but sensitive to fusidic acid and vancomycin. Tween 40 can be degraded, but dextrin, guanidine and pectin cannot. Serine, histidine, glutamic acid, aspartic acid, arginine and alanine cannot be used as sole nitrogen sources. Whole-cell hydrolysates contain LL-diaminopimelic acid, glucose and ribose. The major menaquinones are MK-9(H 4 ) and MK-9(H 2 ). Polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylcholine. The fatty acid profile (.1 % of total) includes anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , iso-C 14 : 0 , iso-C 17 : 1 v9c, iso-C 16 : 1 H, C 16 : 1 v7c, anteiso-C 17 : 0 , C 17 : 1 v6c, C 15 : 1 v6c, iso-C 17 : 0 and C 17 : 1 v8c. Mycolic acids are absent.
The type strain, UTMC 693 T (5DSM 45490 T 5CCUG 61792 T ), was isolated from non-rhizosphere soil taken at a depth of 10 cm in Shiraz, Fars province, Iran.
